ABSTRACT: Introduction: This study sought to estimate the global prevalence of transthyretin familial amyloid polyneuropathy (ATTR-FAP). Methods: Prevalence estimates and information supporting prevalence calculations was extracted from records yielded by reference-database searches (2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016), conference proceedings, and nonpeer reviewed sources. Prevalence was calculated as prevalence rate multiplied by general population size, then extrapolated to countries without prevalence estimates but with reported cases. Results: Searches returned 3,006 records; 1,001 were fully assessed and 10 retained, yielding prevalence for 10 "core" countries, then extrapolated to 32 additional countries. ATTR-FAP prevalence in core countries, extrapolated countries, and globally was 3,762 (range 3639-3884), 6424 (range, 1,887-34,584), and 10,186 (range, 5,526-38,468) persons, respectively. Discussion: The mid global prevalence estimate (10,186) approximates the maximum commonly accepted estimate (5,000-10,000). The upper limit (38,468) implies potentially higher prevalence. These estimates should be interpreted carefully because contributing evidence was heterogeneous and carried an overall moderate risk of bias. This highlights the requirement for increasing raredisease epidemiological assessment and clinician awareness.
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Transthyretin familial amyloid polyneuropathy (ATTR-FAP) is a rare autosomal dominant disease characterized by polyneuropathy due to amyloid deposition in the peripheral nerves and major organs. 1 Associated axonal degeneration of myelinated fibers and systemic amyloid deposition leads to a mixed clinical phenotype consisting of sensory and motor impairment and multiple organ failure. Left untreated, inexorable loss of function ensues, with an average survival of 10-15 years after symptom onset. [2] [3] [4] [5] Endemic to Portugal, Sweden, and specific regions of Japan, 1 ATTR-FAP has been reported in 36 countries worldwide, 6 with an estimated global prevalence of 5,000-10,000 persons. 7, 8 This commonly accepted prevalence range, however, does not appear to have been formally or transparently determined. Prevalence outside of the 3 endemic areas noted above has been sparsely reported; when given, these estimates pertain primarily to subnational geographic foci. Epidemiological estimates for ATTR-FAP are also hindered by underdiagnosis and misdiagnosis resulting from insufficient disease awareness and a clinical presentation involving nonspecific clinical features that are hallmarks of more common diseases. 9 Thus, there is a strong basis on which to assume that the commonly held range of 5,000-10,000 persons with ATTR-FAP worldwide does not reflect the true global prevalence. This study was conducted to address this knowledge gap by estimating global ATTR-FAP prevalence comprehensively.
guidelines, which were reflected in a protocol developed specifically for this study. This protocol specified the outcomes of interest as (1) the prevalence of persons with symptomatic ATTR-FAP globally and (2) the prevalence of persons with symptomatic ATTR-FAP in each country for which data were available. Aspects of these guidelines were modified to reflect the review of observational, noninterventional studies.
The content and composition of the search terms were developed iteratively against a records standard published by the European Medicines Agency (EMA). 12 The EMA report used 14 published studies to determine ATTR-FAP epidemiology in Europe. The search string for the present review was revised until it yielded all 14 studies. The final search strategy was composed of 2 parts: (("fap ttr" OR "ttr fap" OR "attr") OR ("ttr" AND "fap")) AND amyloid* AND (neuropath* OR polyneuropath*) AND (inciden* OR prevalen* OR epidemiol* OR ((penetrance OR genotyp* OR phenotyp*) OR (genetic AND (variat* OR varian* OR variab*))) OR epidemiol* OR "rate per" OR (country OR region OR population))).
Part 1 was a string of Medical Subject Heading (MeSH) and structured terms that oriented the search toward properly categorized studies of ATTR-FAP epidemiology specifically in PubMed. Structured search terms were modified according to each of the databases being searched. Part 2 was a string of unstructured terms and phrases derived from keywords included in relevant studies.
These searches were applied to Embase, PubMed, Scopus, and Web of Science, and were limited to records published from 2005 to 2015 (inclusive) without limits on other record characteristics. Additional records to be assessed for potential inclusion were sourced in 3 ways. First, all abstracts, working papers, and posters reported in the proceedings of the following 5 conferences were reviewed: Third, country-specific health statistics and relevant disease websites reporting prevalence data or data that could be used to calculate prevalence in the given country were included, as warranted. These website sources were identified through an unstructured search of online sources.
Record Selection, Eligibility, and Data Processing.
Records yielded by the search were first deduplicated and then assessed for inclusion via 3 iterative rounds of review (title, abstract, and full text) according to a prespecified rubric. Assessment was completed independently by 3 reviewers, and inconsistencies were adjudicated by consensus among the reviewers. Records were retained if they reported the prevalence of ATTR-FAP within a specific geographic area or if they reported details that would allow the calculation of ATTR-FAP prevalence in a specific geographic area.
Evidentiary strength and risk of bias of retained studies (including gray literature) was determined by application of the American Academy of Neurology's clinical practice process for classifying population screening studies. 13 Evidence classifications range from class I (strongest evidence, low risk of bias) to class IV (weakest evidence, very high risk of bias). The primary focus of the evidence classification is to determine the objectivity of the retained sources. For the purpose of the present review, an objective source was one in which the determination of the outcome (i.e., the diagnosis of persons with ATTR-FAP and the determination of prevalence) was unlikely to be affected by observer expectations.
In the absence of available guidelines for grading epidemiological studies of rare diseases, this process was chosen for its simplicity and applicability to the field of neurology. However, it is important to note that not all of the criteria are applicable to a review focusing on a noninterventional topic nor are all of the criteria applicable to a rare disease. For example, to determine the national prevalence of a rare disease, it would not be feasible for a study to statistically sample the general population for assessment and then apply diagnostic strategies to that sample. Instead, a more feasible approach (which we expected to observe in this review) would be for the collected studies to have determined prevalence based on the number of patients diagnosed, treated, or registered at specialty treatment centers within a given country. Because of such considerations, we applied the evidence classification process to the extent possible in an effort to assess the validity of our findings and of the contributing evidence.
Data Synthesis and Analysis. Extracted prevalence estimates were converted, when not originally reported as such, to the common denominator of 1 million persons. The prevalence estimates were categorized in 1 of 4 mutually exclusive categories pertaining to the geographic locus: (A) endemic country, national estimate; (B) endemic country, regional estimate; (C) nonendemic country, national estimate; (D) nonendemic country, regional estimate. The distinction of endemic versus nonendemic countries was made with the commonly cited assumption that Portugal, Sweden, and Japan are endemic, 7 and all others were considered nonendemic. Estimates noted in the records pertaining to a country as a whole were designated national, and those noted as pertaining to areas within a country were designated regional.
For countries with reported prevalence estimates, the total number of persons with ATTR-FAP was calculated as the prevalence rate per million (1M) multiplied by the general population expressed in millions. With the exception of Northern Ireland 14 and Luso-Brazilians in Portugal, 15 general population sizes were drawn from the World Bank database. 16 When multiple prevalence rates were reported for a country, we first constructed a range consisting of a low prevalence estimate and a high prevalence estimate. In other words, the lowest prevalence rate would be used to estimate the minimum (i.e., low) prevalence, and the highest prevalence rate would be used to estimate the maximum (i.e., high) prevalence. Unless specified otherwise, the mid estimate for a given country was equal to the average value (i.e., [high 1 low]/2).
Extracted prevalence estimates were extrapolated to countries in which ATTR-FAP cases have been reported but prevalence has not. These countries were identified from (1) a recently presented case series of 532 ATTR-FAP cases published between 2005 and 2015, 6 (2) a list of countries with at least 1 clinic site enrolling patients into the THAOS (Transthyretin Amyloidosis Outcomes Survey) disease registry, 17 and (3) countries that are known to the authors to have ATTR-FAP patients. Unless additional information was available, the low, mid, and high prevalence estimates for these extrapolated countries were calculated as the lowest, middle, and highest nonendemic national prevalence rates extracted from the literature multiplied by general population size.
RESULTS
The search strategy yielded 3,006 unique records, of which 1,001 were assessed in full and 10 were retained as sources of ATTR-FAP prevalence estimates (Fig. 1) . One of the 10 retained records, Parman et al., 18 was published while our research was ongoing and was included retroactively. The search was rerun to include the year 2016, but no additional relevant records were identified. Two 19, 20 of the 10 records provided information that we used to generate prevalence estimates for 2 countries; Benson 19 reported ATTR-FAP prevalence among the Caucasian population in the United States, and the Center for Studies of Paramyloidosis Antonio Rodrigues de Mello 20 reported an estimate for the number of persons in Brazil with ATTR-FAP. Also included in Table 1 are ratings for evidentiary strength and risk of bias, which indicated an overall moderate evidentiary strength and moderate risk of bias: class I (n 5 5), class II (n 5 1), and class IV (n 5 4).
Among the 10 retained records, 8 records 18, [21] [22] [23] [24] [25] [26] [27] directly reported 25 prevalence estimates pertaining to 11 countries (for pertinent details of the 10 retained records, see Table 1 ). National level prevalence estimates were reported for 10 of the countries, and these 10 constituted the core group of countries for which ATTR-FAP population sizes were directly estimable. Higher prevalence estimates were reported in endemic countries (Portugal, Sweden, and Japan) and even higher in specific regions within those endemic countries (Fig. 2) . The highest prevalence estimates were reported for Northern Portugal (1,631.20/1M) and Northern Sweden (1,040.00/ 1M). Findings in Japan were noteworthy in that the national prevalence estimate (0.99/1M) was less than the national prevalence in many nonendemic countries, namely Italy, France, Bulgaria, Netherlands, and Germany. Regional prevalences in Japan's Nagano, Kumamoto, and Ishikawa prefectures, however, were among the moderate to high values, which is consistent with the contention that Japan's designation as an endemic country is driven by a few isolated regions with high prevalence, 1 as opposed to Portugal and Sweden, where the geographic distribution of ATTR-FAP-although still somewhat confined to subnational foci-is more homogeneous.
The low, mid, and high nonendemic national prevalence estimates applied to the extrapolated countries were 0.32/1M (Turkey), 1.48/1M (Germany), and 7.52/1M (France), respectively. These values were derived from Parman et al., 18 which was a survey of ATTR-FAP clinician and epidemiologist members of the European Network for ATTR-FAP and reported the total number of known persons with ATTR-FAP in their respective countries in the year 2014. Those values were combined with general population sizes to derive prevalence per 1 million general population. Note that Parman and colleagues included a prevalence estimate for Italy A total of 3,006 records potentially containing prevalence information were evaluated and 10 were ultimately retained. *Included record title and abstract review. **Records (2,005) excluded for not pertaining to amyloidosis and/or not expected to have prevalence information for ATTR-FAP. ***Records (643) excluded for pertaining to other types of amyloidosis, records (206) excluded for containing ATTR-FAP cases but no prevalence information, and records (142) excluded for being observational or interventional studies for ATTR-FAP but without prevalence information. ATTR-FAP, transthyretin familial amyloid polyneuropathy.
(9.05/1M) that was greater than the value chosen for the high estimate (France, 7.52/1M). The former was not used because of the uncertainty with which it was originally reported.
Low, mid, and high estimated ATTR-FAP population sizes for each country and the cumulative global ATTR-FAP population size in each scenario are presented in Figure 3 , which was populated with data reported in Table 2 . Among the 10 core countries, a cumulative population of 3,762 persons (range, 3,639-3,884) with ATTR-FAP was estimated; Portugal was the largest contributor with 2,051 persons (range, 1,990-2,111). Again, ATTR-FAP population sizes were directly estimable in the 10 core countries by using prevalence estimates reported in the literature. Across the 32 countries to which Parman and colleagues' estimates were extrapolated, the estimated ATTR-FAP population size was 6,424 persons (range, 1,887-34,584).
Thus, the cumulative estimated number of persons with ATTR-FAP across the 42 countries considered was 10,186 persons (range, 5,526-38,468).
DISCUSSION
The global prevalence of ATTR-FAP was estimated to be 10,186 persons (range, 5,526-38,468). Both evidentiary strength and risk of bias for the studies contributing to our estimates were moderate overall (5 class I, 1 class II, and 4 class IV records). ATTR-FAP population sizes reported for the extrapolated countries should be interpreted more cautiously because these estimates were subject to a greater degree of author judgment compared with core country estimates. Additionally, we relied heavily on 1 class IV study (Parman et al. 18 , and methodological options for deriving estimates and for assessing underlying uncertainty were limited by the heterogeneity and scarcity of data. The evidentiary strength of our estimates might therefore also be considered moderate. However, this determination and the classifications of contributing studies should be interpreted with the understanding that the evidence grading criteria could not be strictly applied to this review for reasons described in the Materials and Methods section, so this should be considered a comprehensive rather than a systematic review. Low, mid, and high country-specific and global ATTR-FAP population sizes were estimated by the varying of assumptions for the underlying risk of ATTR-FAP within populations. The low and mid global estimates (5,526 and 10,186, respectively) were generated under more conservative assumptions, and these were consistent with the range reported anecdotally in the literature from separate sources (5,000-10,000). 7, 8 Under the most conservative scenario, traditionally endemic countries (Portugal, Sweden, and Japan) 18 together contributed 43% of prevalent persons globally even though their general populations constitute Persons with ATTR-FAP were identified from a compulsory amyloidosis database maintained by the Japanese Ministry of Health, Labor, and Welfare. Available information with which to identify persons with ATTR-FAP in the database included age, sex, present address, birth place, age at disease onset, family history, clinical manifestations at the time of onset and at present, laboratory findings, genetic analysis of the TTR gene, and histology and immunohistochemistry of biopsy specimens. It was not clear from this record whether all persons in this registry diagnosed with ATTR-FAP had both genetic and pathologic diagnosis, but here it is presumed as such. This ambiguity was cause to categorize this evidence as Class 2. ¶ All included persons with ATTR-FAP had received genetic confirmation of disease. The study was retrospective and observational and the procedures for genetic testing were not reported; it was clear whether the investigators conducted the genetic testing. Pathologic diagnosis was performed via sural nerve biopsy was confirmed for 16 of the 76 individuals. It is unclear whether pathologic diagnosis was conducted on the other individuals. only 3% of the total population considered in this analysis. Their relative combined contribution decreased to 24% in the mid estimate and 6% in the high estimate primarily because of large contributions by nonendemic high-population countries (e.g., India and China). The total "atrisk" population in this analysis (4.6 billion persons from 42 countries) is only 60% of the total global One might reasonably question the present prevalence estimates and, in particular, extrapolations beyond the 10 core countries. Addressing the core countries first, we applied country-specific prevalence rates to the most recent general population statistics. This method of multiplying the rate of disease for a given population by the size of that population has precedence in the epidemiology literature, for example in Alzheimer disease, 29 but is not without its limitations. However, to have reported ATTR-FAP prevalence for only those 10 core countries belies the reality of this disease, which, we know from published cases, is found in at least 32 additional countries. 6 For these extrapolated estimates, we applied the lowest prevalence rates to generate conservative values in the base case, and we explored realistic ranges by applying other appropriate prevalence multipliers. Mediating population-level factors were also considered. For example, in Brazil, the cumulative national prevalence was derived based on Portuguesedescended and non-Portuguese-descended subpopulations separately.
This synthesis relied heavily on the countryspecific prevalence rates reported in Parman et al.
18
These estimates were based on a survey of European ATTR-FAP clinicians and researchers that reported their impressions, but not necessarily direct observations, of ATTR-FAP prevalence in their respective countries. Because of the indirect estimation of ATTR-FAP prevalence through experts' self-report by Parman and colleagues, we rated the strength of their evidence as class IV. Nevertheless, for multiple reasons, these estimates were indispensable to deriving our original estimates for extrapolated countries. First, the prevalence rates reported in Parman et al. 18 were generated from the responses of 15 ATTR-FAP clinical and epidemiological experts practicing in Europe. Each expert (identified by name and affiliation in the report) is affiliated with a national ATTR-FAP registry or national ATTR-FAP specialized treatment center. Our interpretation is that the experts' self-reports of the number of persons with ATTR-FAP are likely to have been accurate. Second, many of the country-level prevalence rates reported by Parman and colleagues (e.g., Germany, Italy, Turkey, and The Netherlands) are not available elsewhere.
Our approach has some additional limitations. Because of a general lack of prevalence data outside traditionally endemic areas, it was necessary to impute prevalence for many of the countries considered here based on a range of plausible values. With the heterogeneity among the retained studies and the general scarcity of data, it was also not possible to formally assess precision of our estimates, which might have otherwise been achieved by deriving confidence intervals around the estimates through meta-analysis. These findings should also be interpreted with the understanding that clinical definitions of ATTR-FAP evolved over the time horizon of the literature search, so the ATTR-FAP populations forming the bases of the extracted original prevalence estimates may not have been entirely consistent. However, the impact of this was mitigated by retaining only estimates that were derived from populations with noted peripheral neuropathy, which is a constellation of symptoms that is consistently represented across the literature. Perhaps more important in its implications for these findings, the emergence of survival-extending ATTR-FAP treatments has potentially caused an increase in prevalence over time. Thus, inclusion of older prevalence estimates here may have skewed estimates downward. Similarly, the number of ATTR-FAP diagnoses and the number of regions where ATTR-FAP has been observed have been increasing because of improved diagnostic processes and clinician knowledge. 30, 31 Presumably this also would have resulted in underestimated prevalence in some areas, especially nonendemic ones.
It is hoped that these findings will encourage clinicians to consider ATTR-FAP as part of the differential diagnosis for patients presenting with otherwise idiopathic polyneuropathy and systemic features such as cardiomyopathy and autonomic or gastrointestinal dysfunction. 32 From public health and policy perspectives, these findings highlight the requirement to allocate more resources toward rare disease surveillance, epidemiological assessment, diagnostics, specialty care, and increasing clinician knowledge, especially for very rare conditions such as ATTR-FAP. This is particularly important in countries such as Brazil and the United States, where sizeable populations of persons descended from traditionally endemic areas may equate to higher rates of underdiagnosis of ATTR-FAP.
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